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CONTROL SYSTEM FOR TRACE HEATING ON 
EBR-II SECONDARY SODIUM PIPING 

by 

K. J. Moriarty, F . H. Just, 
and M. D. Rovig 

ABSTRACT 

The Control System for Trace Heating on EBR-II 
Secondary Sodium Piping is a static, solid state scan and 
control system for coordinated control of 76 inductive and 
res is t ive heater c i rcui ts used for heating the secondary so
dium system when reactor heat is not available. The basic 
control is an "ON-OFF" control. Each heater section is 
monitored for temperature and is protected through a high-
and low-temperature a larm system. 

I. INTRODUCTION 

A. General 

The secondary sodium system of EBR-II is an intermediate closed 
loop between the pr imary sodium system and the main steam system, whose 
purpose is to t ranspor t heat from the p r i m a r / s y s t e m , which contains the 
reactor , to the steam generator for production of steam for driving a steam 
turbine and electr ic-power generator . 

Trace heating is used on the piping and associated components for 

the following reasons: 

(1) to ra i se the temperature of all sodium-system components and 
connected piping from ambient to 350°F prior to filling the secondary piping 
system; 

(2) to maintain the temperature of the secondary sodium system at 
a minimum of 350°F during periods when the pr imary system is not m opera
tion and sodium is in the pipes; 

(3) to ass i s t in maintaining the secondary sodium system at the 
elevated tempera ture of about 580<'F during plant standby. 

Two methods of t race heating are employed in the system. Induction 
heating (at a frequency of 60 Hz) is used on the longer-pipe runs where the 



inductive heating wire can be wound on the pipe and held in position with 
comparative ease and where a heavy concentration of heat is not required. 
Resistance heating is used on the storage and surge tanks, valves, pumps, 
etc., where shorter-pipe runs exist and heavy mechanical components 
reqtiire a greater watt density of heat than is practical with inductive heating. 

The heating systems are supplied power through stepdown t r a n s 
formers connected to the 2400- and 480-V power sys tems . Figures 1 and 2 
show these systems and their controls. Each heating circuit is controlled 
by a thermocouple located at a point which most nearly represen ts the 
average temperature of the component or pipe section being heated. The 
thermocouple locations are shown in Fig. 3. 

In Appendix A are shown various pictures of the t race heating system. 

B. History 

The trace-heating control equipment that was initially installed con
sisted of a mechanical scanning system (stepping switches) with relays for 
programming and control. The maintenance on this system was extremely 
high. Most of the maintenance work resulted from failures or malfunctions 
of stepping switches or program relays . System control was unreliable, 
causing delays in heatup and system unbalance. 

Cost estimates indicated that the initial cost of a new control s y s 
tem would be 125 percent of the initial cost of rebuilding the existing 
system. 

II. DESIGN PHILOSOPHY 

A. Design Criteria 

For a replacement system, the following design c r i t e r i a were used: 

(1) The existing panels housing the control components and input 
terminations had to be employed to reduce overall cost and labor 
requirements. 

(2) The monitoring and control components had to be designed with 
a very high noise-rejection ratio for both static and electromagnetic noise 
In addition to the inductive heating system, a large motor-generator and an' 
AC-EM pump act as noise genera tors . 

(3) The system had to be of modular construction for ease of 
maintenance and installation. 

(4) Standard solid-state components had to be used to update the 
system for maintenance and for replacement components. 
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(5) The system had to be static, i.e., no mechanical switches or 
relays could be used. 

(6) The scan and control functions had to be completely isolated 
from the high voltage used for power to the heaters . 

(7) The system had to be constructed in two parts : the scanner, 
and the final control. This was a necessary requirement to reduce ins ta l la
tion time, thus making it possible to install the system during scheduled 
downtime of the reactor plant. 

B. Ambient Conditions 

The existing panels for housing the scanning and final control 
equipment consisted of two panels: one panel for scanning and low-power 
control, and a second panel for final control. For approximately three 
months of the year the ambient temperature of these panels exceeded IOO°F, 
with peaks up to 140°F. These temperatures were considered undesirable 
for solid-state components; the panels, therefore, had to be force cooled 
to maintain the temperature between 60 and 80°F. A system for maintaining 
panel temperature within these limits was designed and installed by the 
plant services organization. 

C. High-noise Rejection and Feedback 

The noise in the plant and panels was next considered and classified 
as (a) mechanical and (b) electrical, which included both the electrostat ic 
and the electromagnetic noise. The selection of solid-state components 
eliminated the detrimental effects of mechanical noise resulting from 
vibration. Electrical noise was minimized through appropriate selection 
of components and switching method for the scanning and control sys tems. 
The choice of switching was made between pulse and dc logic gates following 
a series of noise tests and circuit tests in the plant. Based on the test 
results, dc logic gates were selected and employed in the majority of the 
circuits. The dc gates were found to be less susceptible to pulse (burst) 
noise and common mode noise. By selection of a high-voltage logic level 
the system could be designed to reject dc voltage shifts or minimize their 
objectionable effects on the control. 

T Kt ^ ' ' ' """ .°^ P"^'"" ' " * ^ "'"^"g ^"d program circuits was necessary . 
To obtain stability and freedom from noise effects, decade-counter and 
counter-decoding circuits were designed with large isolation r e s i s to r s 

the decadeTou? . ' " ° t ' ' " " "" ' " " " " ^ ' " ° ^ ^ ^^^ -^<^ ' ° ^ - ^ ^ ^ - ° l a t e the decade counters from the external circuits, and good grounding tech-
niques^were employed in the fabrication of component boards and L s e m b l e d 
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D. Solid-state Components 

The problem of isolating a heating circuit at both input and output 
was considered. The control sensor for heater control is a thermocouple. 
For maximum accuracy and reproducibility the thermocouple could not be 
loaded, and because the thermocouple was grounded, both legs had to be 
switched. A completely solid-state switch was considered but eliminated 
on the basis of cost and difficulty of isolation. Relays were reviewed for 
the input-isolating device and a reed relay selected for the following reasons: 

(1) The relay was available in multipole, satisfying the r equ i r e 
ment for switching both legs of the thermocouple. 

(2) The contact res is tance was low and reasonably constant 
throughout the operable life of the relay. The relay would not affect s y s 
tem accuracy. 

(3) The relay was compatible with the modular design desi red. 

(4) The relays could be operated from a circuit of low voltage 
and power. 

(5) The reed relay is an encapsulated relay which eliminates the 
problem of maintaining contacts. 

Using the reed relay for the input switch provides complete isolation of 
the thermocouple input circui t . 

E. High-power and Control-c i rcui t Operation 

The final-control relay was next revie'X'ed. Because most of the 
circui ts controlled were inductive heating circui ts , maintenance on relay 
contacts was extremely high. The 10- to 60-A contacts used were costly 
in both labor and mater ia l to replace. A number of relays were considered 
and eliminated in favor of a sil icon-controlled rectifier (SCR). The SCR 
always switches at that point in the cycle when the cur ren t is at a minimum. 
The SCR is a pnpn-junction solid-state device with a very high gain. The 
device is readily adaptable to this application because it can be turned "ON" 
(made to pass a current) with a very low control current , and it automatically 
turns "OFF" when the anode voltage drops to zero. Because the switching, 
par t icular ly "OFF" switching, occurs at the point of minimum power, the 
inductive kickback is controlled and the SCR does not destroy itself in arcing 
as does a re lay. 

A nuniber of SCR's were obtained and operationally tested on an 
inductive circui t . It was found that a number of units were available at the 
des i red voltage, and that by properly designing the heat sinks, SCR's would 
be satisfactory as the final control element. The SCR's selected were a 
2N688 for heating c i rcui ts requiring 30 A or less and a 2N1916 for c i rcui ts 
requiring a cur ren t grea ter than 30 A. 
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F. High-voltage Isolation 

High-voltage isolation between the gate controller and the SCR 
gate can be an equipment problem and also a personnel hazard problem. 
Isolation in this system was accomplished by use of a standard pulse 
transformer with a breakdown rating of 400 V (dc). The t ransformer was 
tested at 1000 V (dc) and found to be satisfactory. With this pulse t r a n s 
former, the 240 V (ac) can be isolated from the scan and control system. 
In the initial testing of the SCR, the gate-circuit conductors between panels 
were found to measure 15 to 30 V (ac) of 60-Hz induced voltage plus low-
level voltage from a frequency considerably higher. To prevent either of 
these induced voltages from firing the SCR, a firing frequency of 2500 Hz 
was used for the gate circuit. A very narrow band-pass filter was added 
to the final control board in order to pass only this frequency. This addi
tion eliminated the heavy shielding requirement and made possible the 
scheme of pulsing the gates without synchronizing to the 60-Hz power l ines. 

The system design is open ended in that the number of points (inputs) 
scanned can be increased or decreased with the addition or removal of a 
few printed-circuit boards. Scanner timing is adjustable but limited to a 
maximum frequency of twice per second by the recovery time of the input 
analog amplifier. 

III. SYSTEM CONSTRUCTION 

To minimize plant downtime, as much of the system as possible 
was assembled in the shop and tested prior to installation. To accomplish 
this, printed-circuit-board racks were designed, fabricated, prewired, and 
tested, and external wiring harnesses were made up and connected at the 
replacement-equipment end. The design of the circuit-board racks and their 
panel mounting permits access to the boards from either side of the racks 
with the racks mounted on the panel. 

Each different circuit that was designed was breadboarded and 
thoroughly tested before incorporation into the overall circuit . The printed-
circuit boards are fiberglass sheets, 3/32 by 4^ by 7 | i n . in size, with a 

neteh- r r • ° ° ' ' ' " - These boards we^e photoetched. processed 
m etching solution, washed, and tinned, before mounting of components. 

t e l e p h o n ? l n ' " T ' ' ^ printed-circuit boards were rack mounted in 
hi r ^ . T ; "̂̂  "" " " ' ' • ''"'''' '^°""'^ ^^^ numbered and arranged in 

the rack for a minimum length of interconnecting lead. Terminatfon 
strips were mounted on each relav rack for . = = f I terminat ion 
for trn„hl» ^v.^ t- -T., reiay rack tor ease of interconnecting and 
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The installation was completed in two steps. Step I was the ins ta l 
lation of the scanning and low-voltage control system. Step II was the 
installation of the final relay. Step I was completed and the system was in 
operation for approximately four months before Step II was completed. 

IV. FUNCTION AND OPERATION OF SYSTEM ASSEMBLY 

A. General 

The control system is divided into two basic circuits : (a) the m e a 
suring circuit , and (b) the control and sequencing circuit . 

The input signal to the measuring circuit is the output of a C h r o m e l -
Alumel thermocouple located on a heated length of pipe or some other com
ponent of the secondary sodium system. The input signal is conditioned and 
compared with a setpoint, and if it is lower or higher than the setpoint, the 
associated heater circuit will be turned "ON" or "OFF." The heaters will 
turn "ON" if the tempera ture drops 2.5°F lower than the setpoint or turn 
"OFF" if the tempera ture exceeds the setpoint by 2.5°F. 

The system can be operated in automatic or manual control modes . 
The automatic mode is the normal mode for operation. In the design of 
the equipment, manual control was intended for use in maintenance and for 
resett ing the operating l imits . 

The components available for system operation are as follows: 

1. Channel Identification 

Located on the front panel are two windows with lighted black 
numerals for identification of control-circui t channels. The numbers are 
read from left to right as "01" through "76." The channel identifications 
are used in monitoring during normal operation, in performing maintenance 
work on channels, and in presenting setpoints. 

2. Analog Readout 

The analog readout device is a voltmeter connected directly to 
the output of the thermocouple mV/ l amplifier. The meter shows the t em
pera ture in degrees Fahrenhei t of the pipe section connected to the c i rcui t . 
The meter also shows the channel-setpoint temperature when the a la rm or 
setpoint switch is depressed. The meter is used for monitoring pipe t em
pera ture during normal operation and for readout of the setpoint when 
adjusting the setpoint. 



16 

3. Control (Zone--Individual) 

The individual heater sections can be controlled in one of two 
ways: (a) individual or (b) zone control. When the system is on individual 
control, an incoming temperature signal is compared with a voltage taken 
from a potentiometer assigned to that part icular channel. Located under 
the cover of the panel are potentiometers with duo-dial opera tors . Located 
above each of the potentiometers is a light with a number. Each of these 
potentiometers provide the setpoint temperature for the channel indicated 
by the light. The light is "ON" when the heater section is energized. 

When the system is on zone control, each incoming temperature 
signal is compared with a voltage (setpoint) assigned to a group of pipe 
sections. There are three such zones: Zone 1 consists of channels 1 through 
20; Zone 2 consists of 21 through 40; and Zone 3 consists of 41 through 60. 
Channels 61 through 76 are always on individual control and are designated 
Zone 4. 

4. Manual Scan 

The automatic and manual systems share common equipment--
primarily the equipment for point selection and for advancing from one point 
to the next. To step manually through the various channels, the auto-
manual button is depressed and held depressed while the manual-scan 
button is depressed and released once for each channel. 

5. Point Selection 

Point selection is actuated by the automanual scan button in 
conjunction with the digital switches mounted on the front panel. Point 
selection is used for monitoring a specific point at the convenience of the 
operator, rather than the system. The advance to the point selected is at 
double the normal scanning rate. 

6. Reset 

.h , nnn7*''' ' ^ ' ^ ' ' ' " " ° " ' " "'^'^ ' ° '"^"'̂ ^ '̂ -^ scanning system to 
v^deT f " " " • " ' '""^'"^ '"^ ^'^^""^"^ =y<^l- This feature is p r o 
vided mainly for convenience for the operator. 

^- Measuring and Control Functions 

-̂ Measuring Circuit and Low-level Control 

pipe t e m p e r a t u r e ^ i r " " ' ' ° " ? " ' ' ' ^""^ ' "^^'^^ ^̂  proportional to the 
circuit T h r n u ' ^ ' "^" ' " ' " ' ^ ' ^ ' ° " sequential inputs to the measuring 
circuit. Through operation of the timing and sequencing circuit, the proper 



17 

relay is selected when the a larm driver closes the contacts on a par t icular 
relay. The thermocouple output signal is thereby introduced to the m e a 
suring circui t for processing (see Fig. 4). 

2. mV/ l Converter 

The mV/ l (millivolt to mil l iampere) converter is a standard 
Leeds and Northrup "M-line" mV/ l converter . It is used here as a voltage 
amplifier for amplifying the 0- to 22.26-mVinput to 0 to 10 V (dc) at the 
output of the converter . This output has at this point been conditioned to 
10 mV/°F . The output (0 to 10 V (dc)) is fed in parallel to three compara tors 
as follows: (a) a heater-control comparator , (b) a high-alarm comparator , 
and (c) a low-alarm comparator . The output is also read on the analog 
voltmeter for an indication of the heated-section temperature . 

3. Comparator (Operational Amplifier or "OA") 

The compara tors are operational amplifiers which are operated 
as devices for comparing a conditioned parameter signal with a setpoint 
signal. 

The compara tors must keep the control and alarm ci rcui t ry 
aware of the differences between the parameter (input) signal and the se t -
point signal. Two states are normal to a comparator . These are as follows: 
(a) The input signal may be of lower voltage than the setpoint signal; the 
comparator will then keep the operational amplifier biased "OFF" or at a 
zero output, (b) The input signal may be of higher voltage than the setpoint 
signal. In this case the operational amplifier will be biased so that the 
output is at a high voltage level with respect to the zero or "OFF" level. 

The comparator is then used in this circuit to perform two 
specific functions: (a) high alarm or control, and (b) low a larm or control . 
In the case of the high a larm or control, if the signal equivalent to the input 
pa ramete r exceeds the prese t level of the setpoint, the operational amplifier 
is biased "ON" and the output voltage is greater than the zero voltage. In 
the case of the low a larm or control, if the signal equivalent to the input 
pa ramete r is less than the signal for the setpoint, the operational amplifier 
is biased "ON" and a high output signal is presented to the balance of the 
control c i rcui t ry . The action here would be to energize the heater , adding 
heat to the system until the pipe temperature exceeded the setpoint and 
caused signal action that would turn off the heater . 

Referring to Fig. 5, the setpoint signal is presented to the 
comparator at point 4. The signal equivalent to the input parameter is 
presented at point 6. The two signals are compared and the differences 
(sum) fed to Ql through point 15. Trans i s to rs 01 through Q6 are in effect 
the operational amplif iers . The output of the amplifier is at point (B) which 
is connected to point (2) on the inser t circuit or isolation amplifier. 
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Fig. 4. Trace Heating Control Block Diagram 
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Fig. .̂>. Operational Amplifier 

The output f rom the "OA" b o a r d will be a z e r o or a one l eve l of 
vo l t age , depending on the s t a t e (off or on) of the o p e r a t i o n a l a m p l i f i e r . T h i s 
output is c o n n e c t e d to a t r a n s i s t o r "AND" b o a r d . 

4 . T r a n s i s t o r "AND" Boa rd (TA) 

The s i g n a l s that feed into the o p e r a t i o n a l a m p l i f i e r a r e ana log 
s i g n a l s . In the o p e r a t i o n a l a m p l i f i e r t h e s e a r e c o n v e r t e d to ano the r d o m a i n 
which invo lves only two l e v e l s of s igna l , z e r o or one . A fu r the r t r a n s f o r 
m a t i o n i s then r e q u i r e d to comb ine th is output with t ime c o n d i t i o n s . 

With a scann ing s y s t e m , we r e q u i r e that the e q u i p m e n t m a i n t a i n 
a t i m e s c h e d u l e . Within th is s chedu le m u s t oc^ur the s e q u e n c e s n e c e s s a r y 
to: (a) m e a s u r e the input s igna l l eve l , (b) condi t ion th is s igna l , (c) c o m p a r e 
it to the se tpo in t , and (d) a l ign the c o n t r o l equ ipmen t and m a i n t a i n th is 
a l i g n m e n t unt i l a new se t of even t s can be s a m p l e d . 

B e c a u s e m u c h of the e q u i p m e n t m u s t be s h a r e d , a c o m m o n 
t i m e m u s t be i n t r o d u c e d into the s y s t e m to m a i n t a i n the ident i ty of a s p e 
cif ic input p a r a m e t e r . A m e m o r y is r e q u i r e d a l s o . The c o n t r o l e q u i p m e n t 
m u s t r e m a i n in the pos i t ion w h e r e l a s t s e t or r e m e m b e r what the cond i t ion 
of the input p a r a m e t e r was when l a s t c o n t a c t e d . 

To p rov ide this m e m o r y cha in , t i m e as wel l as i n p u t - p a r a m e t e r 
cond i t i ons m u s t be i n t r o d u c e d in the d ig i ta l d o m a i n of z e r o and one . In the 
t r a n s i s t o r "AND" b o a r d ( see F i g . 6), two even t s m u s t o c c u r . One, a s i g n a l 
m u s t be p r e s e n t at input No. 1, point P , and , two , a s igna l m u s t a l s o be 
p r e s e n t at input No. 2, point R. Po in t P is c o n n e c t e d to the output of the 
o p e r a t i o n a l a m p l i f i e r , point R to the t iming c i r c u i t . Both P and R m u s t 
have s i g n a l s be fo re the "TA" can o p e r a t e . 
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At some instant, the timing 
sequence selects a specific input-
parameter signal. Immediately 
the input m v / l measures the level 
of the signal, it is compared against 
the setpoint, and a zero or one volt
age is then presented at the "TA." 
The timing sequence has informed 
this particular "TA" that it should 
pass the conditioned input-parameter 
signal at this t ime. Referring again 
to Fig. 6, we would have inputs at 
points P and R. If a signal for one 

alarmed condition exists at point P, point T will have a "one" or voltage level 
output. If the input signal is normal, a voltage level will exist at point U. 
This part of the system can only be active during the time an input exists . 
Once the scanner moves off this point, both outputs will return to the normal 
or deactivated state to be ready for the next input parameter in the sequence. 
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From this board, we can have one of two output signals. One 
signal identifies an abnormal condition, and the other a normal condition. 
It should be noted that all components reviewed so far are common to all 
of the input paranneters. From this point on through the digital domain, 
each input-parameter signal will have assigned output components. The 
outputs of the transistor "AND" board are fed to inverters for the a larms 
and to the dc "ON-OFF" board for heater control. The "ON-OFF" board 
will be described next. 

5. "ON-OFF" Control Board (CB) 

In the preceding stages, the decision was made as to the status 
of the input parameter. Either the input parameter was within the setpoints 
(no alarm) or outside the setpoints. In the latter case, we must preserve the 
information as to whether the input parameter was high or low, and we must 
make this information available for the operating personnel and the system. 

A review of Fig. 7 will show that the "ON-OFF" control board 
is a bistable amplifier circuit. Once energized by an "ON" signal of s ig
nificant duration, the amplifier will turn "ON" and remain "ON." Simulta
neously with one amplifier turning "ON" the other is turned "OFF " Note 
input possibilities at points C and J. Note also a center tap, marked 
"permit." The permit input is connected back to the timing circuit Only 
wheti the permit circuit is completed can the state of either of the bistable 
amplifiers be changed. 
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1D-103-J5831 
Fig. 1. ON-OFF Control 

O p e r a t i o n of the c o m p o n e n t i s s i m p l e in tha t a g iven cond i t i on 
e n e r g i z e s one o r the o the r of the two s t a t e s . E i t h e r s t a t e r e m a i n s e n e r g i z e d 
unt i l a change o c c u r s in the fo rm of a pu lse to the "ON" o r " O F F " u n i t s . 
T h u s , if a h e a t e r i s t u r n e d "ON" i t wi l l r e m a i n "ON" unt i l the next t i m e th i s 
p a r t i c u l a r h e a t e r c i r c u i t i s s c a n n e d . If " O F F " the h e a t e r r e m a i n s " O F F " 
a t l e a s t unt i l a s can in which the t e m p e r a t u r e m e a s u r e m e n t i n d i c a t e s a d d i 
t ional hea t i s r e q u i r e d . 

The output of the b i s t a b l e m u l t i v i b r a t o r i s a l o w - e n e r g y s igna l 
which is not g e n e r a l l y c apab l e of o p e r a t i n g a r e l a y or l i g h t s . F o r th i s 
r e a s o n an a m p l i f i e r i s r e q u i r e d . In th is s y s t e m it c o n s i s t s of a n a c " O N - O F F " 
c o n t r o l b o a r d , or t r a n s m i t t e r , for s igna l t r a n s m i s s i o n to the f i n a l - c o n t r o l 
S C R ' s . 

6. AC " O N - O F F " Con t ro l Boa rd (ACC) 

The b e s t dev ice which is ava i l ab l e for c o n t r o l of l a r g e q u a n t i t i e s 
of power is the s i l i con c o n t r o l l e d r e c t i f i e r (SCR). Th i s c o m p o n e n t has 
i n h e r e n t c a p a b i l i t i e s for swi tch ing u n d e r induct ive or r e s i s t i v e load c o n d i 
t ions which could not be wi ths tood by t r a n s i s t o r s . F i g u r e 8 is a s c h e m a t i c 
for a swi tch ing c i r c u i t u s e d for final c o n t r o l of the h e a t e r " O N - O F F " i n d i 
ca t i on a s s o c i a t e d wi th th is c o n t r o l s y s t e m . Two inputs a r e r e q u i r e d for 
c i r c u i t o p e r a t i o n : (a) a s igna l f rom the p r e c e d i n g dc " O N - O F F " c o n t r o l l e r 
i nd i ca t i ng a high or low t e m p e r a t u r e , and (b) a 2500-Hz s igna l for ga te 
c o n t r o l of the S C R ' s . A "one" at point B t u r n s on 0 4 and c l a m p s Q l , b l o c k 
ing the 2500-Hz s igna l f rom the s q u a r e - w a v e o s c i l l a t o r . No g a t e - c o n t r o l 
p u l s e i s a v a i l a b l e , and the g a t e s to the SCR ' s r e m a i n c l o s e d . The h e a t e r -
ind ica t ing l ight d e - e n e r g i z e s , imply ing a high t e m p e r a t u r e for the input 
p a r a m e t e r . A z e r o at B t u r n s off Q4. u n c l a m p s Q l , and p e r m i t s i t to func
t ion a s an a m p l i f i e r following the 2500-Hz input s i g n a l . The 2500-Hz 
s igna l i s t r a n s f e r r e d to the ga te c i r c u i t t h rough a pu l se t r a n s f o r m e r with 
two s e c o n d a r y wind ings , one for e a c h g a t e . As long as the p u l s e s c o n t i n u e , 
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the SCR gate remains open, permitting current flow for the heater "ON" 
light. Once the pulses cease, the SCR gate closes and current is stopped 
at zero or 180° of the controlled sine wave. 
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Fig- AC ON-OFF Control 

The speci f ic function p e r f o r m e d by th i s b o a r d is tha t of providing 
opera t ional i n fo rma t ion . A bank of n u m b e r e d l igh t s (1 t h r o u g h 76) i s 
mounted on the front pane l . As the s y s t e m s c a n s , the h e a t e r s e c t i o n s a r e 
checked and identif ied a c c o r d i n g to t h e i r s t a t e . If the h e a t e r i s e n e r g i z e d 
"ON," the l ight is l ighted; if " O F F , " the l ight is d a r k . The o p e r a t o r can 
de t e rmine at a g lance the s t a t e of a l l the h e a t e r s . As s t a t e d p r e v i o u s l y , 
if a h e a t e r is t u rned "ON" it wi l l r e m a i n "ON" unt i l a s c a n in which the 
pipe t e m p e r a t u r e e x c e e d s the p r e s e t t e m p e r a t u r e . 

It has been m e n t i o n e d that a s q u a r e - w a v e o s c i l l a t o r i s u s e d for 
gate con t ro l of the S C R ' s . Be fo re cont inu ing with t r a c i n g the c i r c u i t , the 
s q u a r e - w a v e o s c i l l a t o r wil l be d i s c u s s e d . 

7. S q u a r e - w a v e O s c i l l a t o r (SWO) 

In P a r t II of th is p a p e r the p r o b l e m of m e c h a n i c a l and e l e c t r i c a l 
noise was d i s c u s s e d , and the 60-Hz induced v o l t a g e s wi th in and be tween 
panels w e r e ident if ied a s an ac t ion of the 60-Hz induct ion hea t ing s y s t e m . 
Since this induced vol tage would c a u s e s p u r i o u s ga te o p e r a t i o n , a f i l te r was 
designed to p a s s a v e r y n a r r o w r a n g e of f r e q u e n c i e s and e s s e n t i a l l y block 
all vol tages of any o ther f r e q u e n c y . A f i l te r des ign of 2500 Hz was s e l ec t ed , 
tes ted, and found to o p e r a t e v e r y s a t i s f a c t o r i l y . This f r equency then had to 
be provided for the s y s t e m . The s q u a r e - w a v e o s c i l l a t o r shown in F i g . 9 
was des igned for the 2500-Hz s i g n a l s for SCR gate o p e r a t i o n . 

R e f e r r i n g to F i g . 9, Q l , Q 2 , and the i r a s s o c i a t e d c o m p o n e n t s 
form a f r e e - r u n n i n g m u l t i v i b r a t o r which o p e r a t e s at the 2500 Hz d e s i r e d . 
Once s t a r t ed , the f r e e - r u n n i n g m u l t i v i b r a t o r will p r o d u c e p u l s e s a t a s e t 
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f r e q u e n c y , w i th in r e a s o n a b l e l i m i t s , a s long a s power i s a v a i l a b l e . The pu l s e 
p r o d u c e d h a s a s lop ing f ron t and a t r a i l i n g b a c k edge , and, in g e n e r a l , l a c k s 
def in i t ion for s y s t e m w o r k . Some pu l se shap ing m u s t t h e r e f o r e be d o n e . A 
b i s t a b l e m u l t i v i b r a t o r i s a s t a n d a r d c i r c u i t i dea l ly su i t ed to fo rming c l e a n 
s q u a r e p u l s e s . Q3 and Q4 c o m p r i s e a b i s t a b l e m u l t i v i b r a t o r to c o n v e r t the 
f r e e - r u n n i n g m u l t i v i b r a t o r p u l s e s into p u l s e s with s h a r p f ront r i s e s and 
s h a r p t r a i l i n g e d g e s . T h e s e p u l s e s a r e r e f e r r e d to as s q u a r e - w a v e p u l s e s . 
Q5 is added to the c i r c u i t a s an e m i t t e r - f o l l o w e r a m p l i f i e r for i m p e d a n c e 
m a t c h i n g to the ac " O N - O F F " b o a r d for a m a x i m u m t r a n s f e r of p o w e r , i s o 
l a t ion b e t w e e n b o a r d s , and p r e v e n t i o n of loading of the b i s t a b l e m u l t i v i b r a t o r . 

ID-103-J5833 

Fig. 9. Square-wave Oscillator 

The c i r c u i t has been t r a c e d to th is point t h r o u g h the o p e r a t i o n of 
the l igh t s for o p e r a t o r i n f o r m a t i o n . R e f e r r i n g to F i g . 4, we wi l l r e t u r n to 
the dc " O N - O F F " b o a r d and follow the ac t ion th rough to h e a t e r o p e r a t i o n . 
F r o m the dc " O N - O F F " b o a r d the s igna l i s t r a n s f e r r e d to the t r a n s m i t t e r . 

8. T r a n s m i t t e r for AC " O N - O F F " (^R) 

Rev iewing b r i e f l y , the s igna l f rom the dc " O N - O F F " b o a r d was 
the s i g n a l f r o m a b i s t a b l e m u l t i v i b r a t o r and was in the fo rm of a " z e r o " o r 
" o n e " depend ing on w h e t h e r the pipe t e m p e r a t u r e was h i g h e r or l ower than 
the se tpo in t t e m p e r a t u r e . 

Note in F i g . 4 tha t a s q u a r e - w a v e o s c i l l a t o r s igna l i s p r o g r a m m e d 
to the t r a n s m i t t e r b o a r d . Note a l s o a s i g n a l f rom the dc " O N - O F F " b o a r d . 
The t r a n s m i t t e r c i r c u i t ( see F i g . 10) s e r v e s as a ga te e i t h e r p r e v e n t i n g or 
p e r m i t t i n g the s q u a r e - w a v e s igna l to p r o c e e d th rough th i s s t age to the nex t 
s t a g e . C i r c u i t c o m p o n e n t s , R I , R2, R5 , C I , and Q2 fo rm the buffer s t a g e 
for i n t e r l o c k i n g the 2500-Hz s q u a r e w a v e . The s q u a r e wave is app l i ed to 
the b a s e of Q2 t h r o u g h R I . If Q l i s not "ON" (conduct ing) , then the b a s e of 
Q2 fol lows the s q u a r e - w a v e o s c i l l a t i o n s . If Q l i s conduc t ing , then the 
s q u a r e w a v e s a r e locked out of the output b e c a u s e the ga te Q2 i s he ld on 
( c lo sed ) by Q l . The " O N - O F F " s i g n a l goes to Q l t h r o u g h R 3 , and is a 
dc vo l t age of l e s s than 0.5 V for t r a n s m i t t e r "ON" and a p p r o x i m a t e l y 6 V 
for t r a n s m i t t e r " O F F . " 
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Fig. 10. Transmitter for AC ON-OFF 

R e f e r r i n g to F i g . 4, note that the output of th i s r e c e i v e r b o a r d 
is connected d i r ec t ly to one of t h r e e swi tch pos i t i ons l a b e l e d " a u t o . " With 
the switch in the "au to" pos i t ion , the s igna l p a s s e s t h r o u g h the s w i t c h to the 
r e c e i v e r boa rd . 

9. Rece ive r Boa rd (RE) 

The r e c e i v e r b o a r d is des igned to a c c e p t the 2500-Hz s igna l 
from the t r a n s m i t t e r b o a r d for SCR o p e r a t i o n s , to r e j e c t no i se s i g n a l s , and 
to provide i so la t ion be tween the t r i g g e r (gate) c i r c u i t and the h i g h - v o l t a g e 
SCR's se rv ing as the final con t ro l r e l a y s . 

The input s ignal is at points M and R in F i g . 11 . The c o m 
ponents C I , C2, L l , and L2 form a p a s s i v e b a n d - p a s s f i l t e r p a s s i n g only 
25.00 ± 200 Hz. The 60-Hz induced vo l t ages and odd h a r m o n i c s of 60 Hz 
are re jec ted by the f i l ter , leaving only the 2500 Hz n e c e s s a r y for ga te 
operat ion. Pu l s e t r a n s f o r m e r " X T l " has been added to i s o l a t e the 230 V (ac) 
used for hea te r power f rom the low-vol tage sec t ion of the c i r c u i t . SCR I i s 
a high-gain device added to f i re the p r i m a r y SCR's (SCR2 and SCR3) . The 
gate c u r r e n t for con t ro l of SCR2 and SCR3 p a s s e s th rough S C R l , CR5 and 
CR6. Diodes CR2 and CR7 s e r v e a dual p u r p o s e : (a) they b lock nega t i ve 

ID-103-J5835 
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p u l s e s f r o m the g a t e s of SCR2 and SCR3, and (b) they p r o v i d e a l o w -
i m p e d a n c e path for the pos i t i ve ga te c u r r e n t s to SCR2 and SCR3 ( i . e . , C R 2 
for SCR2, and CR7 for SCR3) . C o m p o n e n t s C2 and X T l d i f f e r en t i a t e the 
s q u a r e w a v e ; the ga te of S C R l , t h e r e f o r e , s e e s both the pos i t i ve and n e g a t i v e 
p u l s e s . In th i s p a r t of the c i r c u i t C R l h a s been added to b lock the n e g a t i v e 
p u l s e s . R e s i s t o r R4 h a s b e e n s e l e c t e d to l i m i t the ga te c u r r e n t to l e s s than 
the r a t e d m a x i m u m ga te c u r r e n t spec i f i ed by the m a n u f a c t u r e r for the p r i 
m a r y S C R ' s . 

R e f e r r i n g to F i g . 11, note that the p r i m a r y S C R ' s (SCR2 and 
SCR3) a r e in p a r a l l e l with e a c h o t h e r , but r e v e r s e d and in s e r i e s wi th the 
h e a t e r load . With the 2500-Hz s q u a r e wave app l ied to the g a t e s of t h e s e 
S C R ' s , e a c h ga te i s open for half of the 60-Hz power s ine wave ; t h u s , 
SCR2 wil l p a s s c u r r e n t whi le SCR3 is b locking , and the r e v e r s e for the 
o t h e r half of the s ine w a v e . By u s e of th is s c h e m e , fu l l -wave power i s 
a v a i l a b l e for h e a t e r p o w e r . To tu rn off h e a t e r power , the s q u a r e wave to 
the ga te i s s topped and the ga te c l o s e s . As soon as the SCR s e e s a n e g a 
t ive vo l tage at i t s anode , it s tops conduc t ing and th rough i t s b locking ac t ion 
s t ops c u r r e n t flow as ef fect ively a s open c o n t a c t s of a swi t ch . Note , though, 
tha t conduc t ion does not s top unt i l the anode i s n e g a t i v e . At th i s t i m e the 
c u r r e n t i s at a m i n i m u m and the induct ive effect i s l e s s d a m a g i n g . 

At th i s point we m u s t r e t u r n and pick up the r e m a i n i n g funct ions 
of the s y s t e m . R e f e r r i n g to F i g . 4, note a m a n u a l swi tch pos i t ion along wi th 
the " a u t o " and " O F F " p o s i t i o n s . F o r m a n u a l o p e r a t i o n of the p r i m a r y S C R ' s , 
a swi t ch is p r o v i d e d on the front of the c o n t r o l pane l . Th i s swi tch c o n t r o l s 
the funct ions of a c o n t r o l b o a r d . 

10. Manua l C o n t r o l Boa rd (MC) , 

The m a n u a l c o n t r o l b o a r d s e r v e s as a buffer s t age for t r a n s 
m i s s i o n of the 2500-Hz s q u a r e wave to the final c o n t r o l s w i t c h e s . R e f e r r i n g 
to F i g . 12, the s igna l f rom the 2500-Hz o s c i l l a t o r i s fed into the buffer a t 
the input . The output is appl ied to the " m a n u a l " pos i t ion , the 2500-Hz s q u a r e 
wave is app l ied to the r e c e i v e r b o a r d , and the final c o n t r o l s w i t c h e s a r e 
opened , p e r m i t t i n g h e a t e r power to flow in the h e a t e r c i r c u i t . 

9 - 2 7 VOLTS 

2 7K 

0 0 6 2 ^ 1 

< 

;30on 

A - T6 Output to RKepvtr 
B - T7 Output to flKeivtr 
C - t8 Output to Receivtr 
D • H Output to R«ervw 
E - TIO Output to RNeiv«r 
F - TIO Input Irom Squire-MveOuJIUtor 
H - T9 Input troffl Square-MvcOKilUtor 
i - T8 Input Irem SQuare-wiwOscitUtor 
X - T7 Input Irom Spuare-wive OscilUtor 
L - T6 Input from Squ*r«-<«rt OicilUtor 

M - Conmon 

- T3 Input rnw SQuvf-MnOicitUtor 
- T4 Input from Squ>rt-Mvt OscllMir 
- T3 Input Irom Square-«ave OKillator 
- T 2 Infwt from Squpre-wve OscllMir 
- Tl Input from Squar»-Mv< OKtllator 
- T1 Output to Receiver 
- T ; O U ^ U I to R«ceiwr 
- T3 Output to Recttwr 
- T4 Output to RKtiver 
- TS Output to Rewivw 
- -27 Volts 

ID-103-J5836 
Fig. 12. Manual Control for AC ON-OFF 
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To turn off the h e a t e r s , the swi tch is s i m p l y swi t ched to the 
open s ignal posi t ion, r emov ing the 2500-Hz s q u a r e w a v e . 

We have r e p e a t e d l y m e n t i o n e d the e x i s t e n c e of a s e tpo in t s igna l 
without detai l ing the ope ra t i on . We wil l now d e s c r i b e the s e tpo in t funct ion 
within the c i r c u i t . 

11. Setpoint Board (SPA) 

The setpoint con t ro l c i r c u i t is shown in F i g . 13. The input i s 
from the i n v e r t e r . Note the Z e n e r diode u s e d for pos i t i ve swi tch ac t ion 
of the 2N2000 t r a n s i s t o r . The 2N2000 is e i t h e r s a t u r a t e d when t u r n e d 
"ON" or far beyond cutoff when tu rned " O F F . " The 2 .4-V Z e n e r diode is 
r espons ib le for these s h a r p " O N - O F F " c h a r a c t e r i s t i c s . With the t r a n s i s t o r 
turned "ON," the t r a n s i s t o r is s a t u r a t e d , and the 12 V (dc) i s e s s e n t i a l l y 
dropped a c r o s s the 3000-ohm v a r i a b l e p o t e n t i o m e t e r . The tap on the 
poten t iometer is adjusted for the d e s i r e d se tpo in t vo l tage and c o n n e c t e d 
d i rec t ly to the c o m p a r a t o r s for c o m p a r i s o n with the condi t ioned input 
p a r a m e t e r . The IN645 is used in the c o m p a r a t o r input leg to i s o l a t e 
between se tpoin ts . Both the 12-V (dc) power supply and the p o t e n t i o m e t e r s 
a re high-qual i ty components to p rov ide a v e r y a c c u r a t e se tpo in t v o l t a g e . 

- Common 
• 3 Potentiometer Top 
- 3 Input 
• 1 Potentiometer Top 
- 1 Input 
- 1 Potentiometer Top 
- 1 Input 
. -12 V DC 
- •12 V DC 
- Output to Comperltor 
- 1 Potentiometer wiper 

- 1 Potentiometer Wiper 
- 3 Potentiometer Wiper 
• 4 Potentiometer Wiper 
- 5 Potentiometer Wiper 
• 6 Potentiometer Wiper 
- A Potentiometer Top 
- 4 Input 
• 5 Potentiometer Top 
• 5 Input 
- 6 Potentkimeter Top 
- 6 Input 

ID-103-I5837 
Fig. 13. Setpoint and Pin Connections 

In F i g . 4 n o t e f o u r d i f f e r e n t s e t p o i n t c o n t r o l s . T h e s e c o n t r o l s 
p e r f o r m the f o l l o w i n g f u n c t i o n s : 

(1) S e t p o i n t ( G e n e r a l ) - - T h e p i p e - h e a t i n g s y s t e m c o v e r s m a n y 
f e e t of p i p e of v a r i o u s s i z e s a n d w i t h m a n y d i f f e r e n t c o m p o n e n t s . T h e 
p i p i n g a n d c o m p o n e n t s c a n b e a t a m b i e n t t e m p e r a t u r e o r a t a n y t e m p e r a 
t u r e b e t w e e n a m b i e n t a n d ful l t e m p e r a t u r e . If t h e s y s t e m h e a t e r s w e r e 
s i m p l y e n e r g i z e d a n d h e a t a p p l i e d , t h e p i p e a n d c o m p o n e n t s w o u l d v a r y 
in the t i m e of h e a t u p b e c a u s e of t h e m a s s d i f f e r e n c e s , a n d s i z a b l e m e c h a n -

u p e r a t e a a t the s a m e t e m p e r a t u r e . 
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A 76-point system requires 76 control, 76 high-alarm, 
and 76 low-alarm setpoints, for a total of 228 points. This would be just 
too many points to adjust during a heatup of the plant from an ambient 
tempera ture of 70 to 580°F in 50''F increments . To provide the operator 
with a reasonable system, the 76 individual heating systems were arranged 
in four groups. To each group was assigned a master setpoint control, 
thereby reducing the opera tor- required actions from 228 to 12 for each 
heatup increment. With the switch in the zone position, the control system 
refers the first 19 signals to setpoint No. 1, or Zone 1 as it is called, and 
so on for Zones 2, 3, and 4 for increments of 19 input signals. Referring 
to Fig. 13 for Zone 1, a signal is presented to the input of the 2N2000 and 
the desired setpoint signal is obtained from the wiper of the 3K potentiom
eter . After the operating temperature is obtained or as it is approached, 
individual heater control is more desirable. The switch is then switched 
from zone to individual. 

(2) Individual Setpoint--In this control position each heater 
section can be individually controlled at any level stated by the operating 
requi rements . To control the heat in each section, the only action required 
is a sinnple adjustment of the setpoint potentiometer. 

(3) Individual Setpoint (High Alarm)--This assembly of setpoint 
potentiometers monitors individual heated sections for high tempera ture . 

(4) Indiv idual Setpoint (Low A l a r m ) - - T h i s a s s e m b l y of s e tpo in t 
p o t e n t i o m e t e r s m o n i t o r s ind iv idua l hea ted s e c t i o n s for low t e m p e r a t u r e . 

Both the h i g h - and l o w - a l a r m c i r c u i t s m o n i t o r for h e a t e r or 
h e a t e r - c o n t r o l - s y s t e m m a l f u n c t i o n s . To actii^ate the a n n u n c i a t o r , a r e l a y 
m u s t be d r i v e n , wh ich r e q u i r e s h i g h - v o l t a g e p o w e r . T h i s power is supp l i ed 
t h r o u g h an a l a r m - l a m p and b e l l - d r i v e r b o a r d . 

12. A l a r m L a m p and Bel l D r i v e r (AD) 

The a l a r m unit i s a c i r c u i t with v i s u a l and aud ib le c a p a b i l i t i e s . 
It i n c o r p o r a t e s a r e s e t and acknowledge f e a t u r e (see F i g . 14). 

ID-103-J5838 
Fig. 14. Alarm Lamp and Bell Driver 
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When a l o g i c - l e v e l s igna l of "one" is r e c e i v e d at point R, the 
SCS Ql is tu rned on and wil l s tay on unt i l the r e s e t swi tch is opened . When 
Ql tu rns on, it pu l ses the pu lse s h a p e r , Q l and Q 3 . When Q3 t u r n s off, 
it t u rns on Q4, which will s tay on unt i l the acknowledge swi tch is opened . 
Q5 is a " t r i a c , " which will be t u rned on w h e n e v e r Q4 is on. 

The bas i c componen t s in the m e a s u r i n g c i r c u i t have now been 
covered . We will continue by looking at the t iming and s eq u en c i n g func t ions . 

C. Timing and Sequencing Func t ions 

In the d i s cus s ion of the m e a s u r i n g - c i r c u i t c o m p o n e n t s , the r e a d e r 
may have wondered how the p r o p e r se tpoin t can be s e l e c t e d or how the 
t r a n s i s t o r "AND" boa rd can know which s igna l i s p r e s e n t . The s eq u en c i n g 
function can now be d i s c u s s e d with the componen t s of the m e a s u r i n g c i r c u i t 
in mind. 

The t ime r e s p o n s e of all componen t s m u s t be c o n s i d e r e d in a t iming 
c i r cu i t because the s lowes t component def ines the f a s t e s t s p e e d a t which 
scanning can p roceed . In our c a s e , the L & N " M - l i n e " m V / l a m p l i f i e r i s 
the control l ing unit. F o r comple te s tab i l i ty of s igna l a p p r o x i m a t e l y one 
second is r e q u i r e d . This t ime has been doubled as a safe ty f a c t o r . The 
dwell t ime per input is thus 2 s e c . The c o m p l e t e s c a n t i m e for a l l inpu ts 
is 152 s e c . Time is con t ro l led by the p u l s e r ( see F i g . 4 for the s e q u e n c e 
including the p u l s e r ) . 

1. P u l s e r (P) 

This boa rd s e r v e s the following functions in a scann ing s y s t e m : 
(a) manual or au tomat ic advancer , (b) au tomat i c r e s e t of the c o u n t e r or 
coun te r s , and (c) au tomat ic point s e l ec t (see F i g . 15). 

ID-103-J5839 

Fig. 15. Pulser-Auto Reset--Auto Point Select 



29 

The manual or automatic advancer is composed of a half-wave 
rect if ier (DI), a res i s to r -capac i to r timing circuit (RI, R2, CI), a firing 
circui t (NEl), a manual advance (SWl), and a pulse-shaping circuit (R4 
through R9, D3, Ql , Q2). The automatic advance timing is determined 
by the values of RI + R2 and CI . The timing circuit is charged through 
DI until CI reaches a voltage equal to the firing voltage of NEl . When 
NEl f i res , pulse is sent to the pulse shaper and out to the input of the 
decade counter (DC-02-3), advancing it one count. Now CI is discharged 
and the cycle is r es ta r t ed . 

The manual advance uses essentially the same method of 
advancing except that the timing circuit is disconnected by opening SW2, and 
the firing is obtained by charging C2 through R3 and discharging through 
SWl into the pulse-shaping network. 

The pulse-shaping network is pr imari ly for use in the manual-
advance mode where the SWl is located some distance from the pulser . 
With the SWl located off the pulser board, the inductance of the lead wire 
can be detr imental to the pulse shape generated from SWl and C2. The 
pulse shaper reshapes the pulse into one with a sharp leading edge. In the 
normal off state Ql is biased "OFF" and Q2 is "ON." When a negative-
going pulse is received at the base of Ql , Ql begins to turn "ON." Q2 stays 
"ON" until D3 is reversed, at which time Q2 turns "OFF." The rapid tu rn-
off of Q2 gives the pulse a fast leading edge regardless of the r i se time of 
the pulse at the base of Q 1. 

The automatic rese t circuit consists of R l l through R14, R19 
through R26, DI, C3, and Q5 through Q3. In the normal state Q6 is "ON" 
and Q5 is "OFF." The circuit receives a posiflve pulse from an inverter 
turning off Q6, which in turn switches Q5 "ON." This state is maintained 
until C4 is discharged enough through R25 to turn on Q6. Q5, Q6, and 
associated components form a pulse-stretching circuit which in turn controls 
Q6, an emit ter follower. Q6 is connected to the rese t base of the counters . 
Q6 is "ON" during the "pulse stretching" time and holds the decade counters 
in the rese t state until Q5 and Q6 return to their normal s tate . 

The automatic point select (R15 through R18, R27 and R28, D2, 
D4, D5, C5, Q3, Q4, and SW3) is controlled from the collectors of two 
selected lamp d r i v e r s . Q4 is kept turned on through R29 and/or R30 
until the preselected point is reached. When the scanner reaches the 
preselected point, the voltage at K and L approaches zero, turning Q4 
"OFF." This pulses Q3 to the "ON" state, clamping the base of Ql to 
common through D2. With the base of Ql clamped to common, the pulse 
shaper is locked in the "OFF" position. Q3 is a low-voltage SCR and will 
not turn off until the anode voltage is disconnected through SW3 through 
contacts not shown. The contacts of SW3 that are shown serve to speed 
up the pulsing rate of the scanner for point-select mode only. The output 
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of the pu l se r is fed to the decade c o u n t e r and the t i m e r in p a r a l l e l . The 
c i r cu i t through the decade coun te r wil l next be t r a c e d . 

2. Decade Counte r (DC) 

The decade coun te r i s d e s i g n e d to count 76 p u l s e s . In doing so , 
it m u s t r e m e m b e r the l a s t pu l se counted, r e s e t a f te r e a c h d e c a d e , and 
r e t u r n to z e r o af ter counting 0 th rough 76. 

The h e a r t of the coun te r i s a b i s t a b l e m u l t i v i b r a t o r m a d e up of 
the following componen t s : (a) t r a n s i s t o r s Q l and Q2, (b) c a p a c i t o r s C2 
and C3, (c) r e s i s t o r s R3 th rough R6, and (d) diode C R l . R e f e r r i n g to 
F ig . 16, note that t h e r e a r e four such u n i t s . 

ID-103-J5840 

Fig. 16. Decade Counter 

As was pointed out p rev ious ly , in a b i s t ab l e m u l t i v i b r a t o r 
no rma l ly one of the two t r a n s i s t o r s is "ON," the o the r i s " O F F " In th i s 
c i rcu i t , the input pulse is fed to the f i r s t - s t a g e b i s t ab l e a t point Y. D e p e n d -
ng on which t r a n s i s t o r is "ON," the pos i t ive input pu lse wil l t u rn the "ON" 
r a n s i s t o r " O F F , " and the " O F F " t r a n s i s t o r wil l then t u rn "ON." following 

the signal coupled to it through capac i to r C2. The th i rd pu l se f^om the ^ 
pu lser swi tches the t r a n s i s t o r s to the o r ig ina l s t a t e and a l s o s e n d T a pu l se 
to the next s t age . By t r ac ing the c i r c u i t th rough the s u c c e e d i n g . L L . 
you will note that r e s i s t o r R7 c a n a c i t n r r 4 ^ ^"e s u c c e e d i n g s t a g e s , 

10 pulses r ece ived f r L the p u l s e r ' " " " ' ' ^ ° " " ' ' ' ° ^ ^ " ^ ^ 

The count in format ion is fed from tv,= j j 
m a t r i x by moni tor ing the s ta te (ON-OFF) o H a c h of ' the t " " ' 7 ' ° •' ' ' ° ' ' 
b i s table m u l t i v i b r a t o r . ^ ^ t r a n s i s t o r s in the 
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3 . Diode M a t r i x (D) 

The d iode m a t r i x is shown in F i g . 17. The p u r p o s e of the d iode 
m a t r i x i s to decode the c o u n t e r i n f o r m a t i o n and t r a n s m i t the decoded i n f o r 
m a t i o n to the fol lowing s t a g e . The diode m a t r i x a l s o a c t s a s a load for the 
d e c a d e c o u n t e r , i s o l a t i n g it f rom the s y s t e m . 

"X 

"X" 

X" 
"x: 

"X 
"X 

X 

X-

X' 

x: 

X-x: 

X 
—X" xrx-
X 

X 
X 

X-

X-x~\ x-x x^ 

5 
^ 

X" - ^ X;̂ ^ A 
:;36K 36K : 36K 

T6 

J6K 

ID-103-J5841 

Fig. n . Diode Matrix 

F o r any g iven n u m b e r 0 th rough 9, four cond i t ions m u s t be 
s a t i s f i e d . The cond i t i ons a r e ident i f ied by the s t a t u s of the e ight t r a n s i s t o r s 
in the d e c a d e c o u n t e r . R e f e r r i n g to F i g . 17, note that e a c h n u m b e r bus 0 
t h r o u g h 9 h a s four d i o d e s c o n n e c t e d to i t . To a c t u a t e the next s t a g e , a bus 
m u s t be a t the " z e r o " s t a t e , which can only o c c u r when al l four d i o d e s 
c o n n e c t e d to a p a r t i c u l a r bus a r e fed f rom an "ON" t r a n s i s t o r in the d e c a d e 
c o u n t e r . If any of the d iodes s ee an " O F F " t r a n s i s t o r , the bus is a t "one" 
p o t e n t i a l and i n a c t i v e . Tab le I i s a " t r u th " t ab le and s t a t e s the condi t ion of 
e a c h of the e igh t t r a n s i s t o r s in the decade c o u n t e r . Note in F i g . 17 tha t 
t r a n s i s t o r T l h a s d iodes c o n n e c t e d to the n u m b e r b u s e s 0, 2, 4, 6, and 8. 
T r a n s i s t o r T l thus h a s a po t en t i a l for tu rn ing "ON" n u m b e r s 0, 2, 4, 6, 
and 8. Note a l s o the d i f fe ren t c o m b i n a t i o n s of n u m b e r b u s e s and t r a n s i s t o r s . 
A s s u m e , for e x a m p l e , tha t the d e c a d e c o u n t e r i s in the z e r o p o s i t i o n . F r o m 
the " t r u t h " t ab le we find that t r a n s i s t o r s T l , T 3 , T 5 , and T7 a r e "ON." 
R e t u r n i n g to F i g . 17, note tha t the 0 bus had d iodes c o n n e c t e d to i t f r o m 
t r a n s i s t o r s T l , T 3 , T 5 , and T 7 . Bus 0 is a t the " z e r o " s t a t e and wi l l t r a n s 
m i t to the nex t s t a g e . Note d iodes connec t ed to bus 1 f r o m t r a n s i s t o r s T2 , 
T 3 , T 5 , and T 7 . Of t h e s e , T2 is " O F F ; " t h e r e f o r e , bus 1 is at the " o n e " 
s t a g e and wi l l not t r a n s m i t to the next s t a g e . Note d iodes c o n n e c t e d to 
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bus 2 from T l , T4, T5, and T7 . Of these , T4 is "OFF" and bus 2 i s at s tate 
"one." By r e f e r r i n g to the " t r u t h " tab le and the matr ix drawing, it wi l l be 
seen how each pulse f rom the p u l s e r is counted and used as the base for 
t ime a n d / o r s y s t e m a l ignmen t . The output of the diode matr ix i s fed to a 
buffer s t age . 

TABLE I. T r u t h Tab le 

Counts T l T 2 T 3 T4 T5 T6 T7 T S 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

ON 

ON 

ON 

ON 

ON 

ON 

1. Buffer 

ON 

ON 

ON 

ON 

ON 

Stage 

ON 
ON 

ON 
ON 

ON 

(BS) 

ON 
ON 

ON 
ON 
ON 
ON 

ON 
ON 
ON 
ON 

ON 

ON 
ON 
ON 
ON 
ON 
ON 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

ON 

ON 
ON 

The buffer s tage is used p r i m a r i l y for i so la t ion be tween the 
diode nnatrix and the i n v e r t e r s which follow the buffer s t a g e . Addi t iona l ly , 
the output of the diode m a t r i x is i nve r t ed in the buffer s tage ( see F i g . 18). 
This output s ignal is then fed to the l amp d r i v e r . 

- 4 Outpul to Lamp On 
- 3 Outpul to Lamp On 
- 2 Outpul to Lamp Dri 
- 1 Output to Ump On 
- 0 Output to Lamp Dri 
- 0 Input 
- 1 Input 
- 2 Input 
- 3 Input 
• 4 Input 
- Common 

S - 6 Input 
T - 5 Input 
U - b Output loLjmp Or 
V - 6 Outpul lo Lamp Dr 
W - 1 OutuplloLamp Dr 
X - 8 Outpul to I jmp Or 
V - 9 Output to Lamp Dr 
2 - -12V0C 

ID-103-J5842 

Fig. 18. Buffer Stage and Pin Connections 

5- Lamp Dr ive r (LP) 

is a 327 1 ^^^ ^ T / ^^"^^"^ '" ' ^ ° ^ " ^" ^'^- ^^- Th^ ^^"^P t ° be e n e r g i z e d 
IS a 327 lamp used for channel ident i f ica t ion . The ZN2000 t r a n s i s t o r is 
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e i t h e r s a t u r a t e d when t u r n e d "ON" o r far beyond cutoff when t u r n e d " O F F . 

The 2 .4 -V Z e n e r d iode is u s e d for s h a r p " O N - O F F " c h a r a c t e r i s t i c s . The 

nex t s t a g e i s the d e c a d e m a t r i x . 

A 
B 
t 
0 
E 
F 
H 
J 
K 
L 
M 

2 Output 
1 Outpul 

1 Input 
2 Input 

• Common 

N 
P 
R 
S 

u 
V 
w 
X 
y 
z 

• lOVDC 
5 Input 
4 Input 
) Input 

3 Output 
4 Ou^ut 
S Output 
Cofnmofi 

lOK 

< 
:9iK siQ 

Maan 

ID-103-J5843 
Fig. 19. Lamp Oliver and Pin Connections 

6 . D e c a d e M a t r i x ( D M ) 

T h e d e c a d e m a t r i x i s s h o w n i n F i g . 2 0 . T h e d e c o d i n g o p e r a t i o n 

i s s i m i l a r t o t h a t of t h e d i o d e m a t r i x w i t h t h e e x c e p t i o n s t h a t o n l y t w o c o n 

d i t i o n s a r e r e q u i r e d a n d t h e i n p u t s i g n a l c o m e s f r o m a l a m p d r i v e r . T h e 

t w o c o n d i t i o n s a r e t h a t t h e s e l e c t e d l a m p s in t h e u n i t s p o s i t i o n a n d i n t h e 

t e n s p o s i t i o n m u s t b e " O N . " W i t h b o t h s e l e c t e d l a m p s " O N , " t h e d e c a d e 

m a t r i x o u t p u t i s z e r o . H e r e a g a i n , t h e r e s i s t o r s a n d d i o d e s p r e v e n t f e e d 

b a c k . T h e o u t p u t of t h e d e c a d e m a t r i x g o e s t o t h e i n v e r t e r s . 

"* ^ 
'' 
"z 

^ 
^ 

N. 
^ 

^ 

? ? (̂  ^ ^ ^ ^ 

"oo ~~*»-^t. 

"lO 

•JO 

30 

^ ^ ? 
I I I 

? ? ? c' 
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Fig. 20. Decade Matrix 

7 . I n v e r t e r ( IS) 

T h e i n v e r t e r i s s h o w n i n F i g . 2 1 . T h e i n p u t t o t h e i n v e r t e r 

c o m e s f r o m t h e d e c a d e m a t r i x . F o r a n i n v e r t e r t o h a v e a n i n p u t t h e d e c a d e 

c o u n t e r m u s t b e o n t h a t p a r t i c u l a r p o i n t . N o r m a l l y ( o f f - p o i n t ) , t h e i n v e r t e r 



is "ON." The i n v e r t e r p e r f o r m s the following funct ions in the c i r c u i t : 

(a) con t ro l for the se tpoin t and r e l a y d r i v e r s that follow in the s y s t e m , 

and (b) con t ro l for the " O N - O F F " c o n t r o l b o a r d (CB b o a r d ) . The i n v e r t e r 

s tage employs the s h a r p " O N - O F F " c h a r a c t e r i s t i c s of the 2 .4 -V Z e n e r 

diode on the input for pos i t ive "ON" and " O F F " c o n d i t i o n s . 

3K RELAY DRIVER 

'OUTPUT 

ON-OFF CONTROL 

OUTPUT 

A - -30V0C 
B - Common 
C - *12VDC 
D - 2 Output lo Relay Orrver and Setpoint 
E - ? Output to ON-OFf Control 
F - lOutput to Relay Driver and SetpoinI 
H - 1 Output to ON-OFF Control 
J - 3 Output to Relay Driver and Setpoint 
K - 3 Output to ON-OFF Control 
L - 2 Input 
M - 1 Input 

N - 3 Input 
P - -27 V DC 
R - Common 
S - +12VDC 
T - 4 Output to Relay Driver and Setpoint 
U - 4 Output to ON-OFF Control 
V - 5 Output to Relay Driver and Setpoint 
W - 5 Output to ON-OFF Control 
X - 4 Input 
V - 6 Input 

ID-103-J5860 
Fig. 21. Inverter and Pin Connections 

T h e o u t p u t of t h e i n v e r t e r i s t a k e n t o t h e c o l l e c t o r f o r t h e r e l a y 
d r i v e r s a n d t o t h e e m i t t e r f o r t h e " p e r n n i t " s i g n a l s r e q u i r e d i n t h e b a l a n c e 
of t h e s y s t e m . 

8 . R e l a y D r i v e r s ( R P R ) 

T h e r e l a y d r i v e r s a r e s h o w n i n F i g . 2 2 . T h e 2 N 2 0 0 0 t r a n s i s t o r 
r e c e i v e s i t s s i g n a l f r o m t h e c o l l e c t o r of t h e p r e c e d i n g s t a g e . W h e n t h e 
p u l s e r a n d t h e a s s o c i a t e d s t a g e s a r e on p o i n t , t h e t r a n s i s t o r i s " O N " a n d 
t h e r e l a y i s p i c k e d u p ( e n e r g i z e d - - c o n t a c t s c l o s e d ) . T h e r e l a y c o n t a c t s 
c l o s e t h e c i r c u i t b e t w e e n t h e p a r a m e t e r t o b e s a m p l e d a n d t h e i n p u t -
m e a s u r i n g c i r c u i t . T h e p r o g r a m l o o p i s c l o s e d w i t h t h e o p e r a t i o n of t h i s 
r e l a y . In p a r a l l e l w i t h t h e p u l s e r i s a t i m e r . T h e t i m e r p r o g r a m s t h e 
t r a n s i s t o r " A N D " c i r c u i t . 

Pin Connection 

+ Output 
- Output 
-37 V DC 
4 Input * Thermocouple 
4 Input - Thermocouple 
3 Inpul * Thermocouple 
3 Input - Thermocouple 
2 Inpul ' Thermocouple 
2 Inpul - Thermocouple 
1 Inpul • Thermocouple 
1 Input - Thermxouple 

N 
P 
R 
S 
T 
II 
V 
W 
X 
Y 
Z 

1 Input 
2 Input 
3 Input 
4 Input 
3 Inpul 

Common 
5 Inpul - Thermocouple 
5 Input • TTiermocouple 

ID-103-J5859 

Fig. 22. Relay Driver and Pin Connections 

9 . T i m e r C i r c u i t (T) 

, w t V,- ^^^ " " " " ' ' ' ' • ' ' " ' ' ^^""^ ^ ^ 8 - " ) i s u s e d t o d e l a y t h e f i n a l 
s w i t c h i n g a c t i o n u n t i l t h e m e a s u r i n g - c i r c u i t m v / l c o n v e r t e r h a s h a d t i m e 
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to b a l a n c e . Without t h i s de l ay , the h e a t e r s would change s t a t e following 
the b a l a n c i n g s e q u e n c e s of the m V / l c o n v e r t e r . The t inner c i r c u i t e m p l o y s 
s o l i d - s t a t e c o m p o n e n t s and h a s a r a n g e f rom 0 to 10 s e c . The t i m e r output 
h a s log ic l e v e l s of z e r o and one, and the t i m e cyc le i s i n i t i a t ed by a nega t i ve 
pul s e . 

ID-103-J5858 
Fig. 23. Timer Circuit 

When the t i m e r is in the n o r m a l (not t iming) s t a t e , t r a n s i s t o r s Ql , 
Q3 , and Q6 a r e on. T r a n s i s t o r s Q l and Q2 c o m p r i s e an ampl i t ude r e c e p t i o n 
c i r c u i t and f i re only when the input s igna l e x c e e d s 5 V. T r a n s i s t o r s Q 3 , Q4, 
and Q5 , and t h e i r a s s o c i a t e d c o m p o n e n t s c o m p r i s e the t iming c y c l e . The 
t i m i n g cyc l e i s i n i t i a t ed by tu rn ing Q3 on, which c a u s e s Q5 to t u r n off. T h i s 

s t a t e con t i nues unt i l the lO-pf c a p a c i t o r h a s d i s c h a r g e d 
5 . t h rough a r e s i s t a n c e ne twork c o n s i s t i n g of a 20K r e s i s 

to r p lus a 450K p o t e n t i o m e t e r . When the c a p a c i t o r 
d i s c h a r g e s enough to t u r n Q4 on aga in , the t i m e r r e t u r n s 
to i t s n o r m a l s t a t e . -«-

— W -
— W -

- t l -
- B -

— * } -

ID-103-J5857 

Fig. 24. Diode "OR" 
Circuit 

T r a n s i s t o r Q6 is a buffer s t age for the 
t i m e r and is connec t ed to the Q7 output t r a n s i s t o r to 
give an output of the r e q u i r e d logic l eve l , i . e . , z e r o 
or one . 

10. Diode "OR" B o a r d (DO) 

A s p e c i a l b o a r d was n e c e s s a r y for p r o 
g r a m m i n g the zone s e tpo in t . It i s inc luded h e r e only 
for c o m p l e t e n e s s ( s ee F i g . 24). 

The diode "OR" c i r c u i t i s a c i r c u i t in wh ich 
two or m o r e s i g n a l s can be jo ined wi thout f eedback . The 
input c o m e s f rom the c o l l e c t o r of the i n v e r t e r and the 
outDut g o e s to zone s e tpo in t . 



V. DIRECT OPERATING PROCEDURES 

Outlined below are the procedures for putting the control system in 
operation. 

A. Power 

Provide the necessary heater and control-system power as outlined 
in Operating Instruction Manual, Volume 2, Section V, Division D, pages D-2 
and D-3. 

B. Manual Control 

Place the system in manual by depressing the "Auto-Man" button 
until the manual section of the lighted switch is lighted. Hold button 
depressed. 

C. Reset 

Depress "Reset" button and release; the numerals "00" should appear 
in the channel identification windows. 

D. Control and Alarm Setpoint Procedure 

1. Zone Control 

(Note: The zone control is a feature added for the convenience 
of the operator during controlled heat-up or cool-down of the system. The 
advantage gained is the saving of time in resetting the control and a larm 
setpoints in groups of twenty instead of individually.) 

(1) Depress "Zone-Individual" button and re lease until the 
zone part of the indicator lights. 

(2) Advance the scanning system to channel "01" by depressing 
and then releasing the "Manual Scan" button. (Note: The "Manual" button 
must be held depressed for "Manual Scan.") 

(3) Depress and hold the "Control Set" button, and read the 
"Analog" readout for the existing setpoint temperature. If adjustment is 
required, unlock the duo-dial potentiometer control on the Zone 1 panel 
board. Turn clockwise or counterwise until the desired temperature is 
read on the "Analog" readout. Lock the duo-dial. Release "Control Set" 
pushbutton only. 

^ '•*' Depress the "Alarm Set--High" button and held depressed 
while reading the "Analog" readout. If the setpoint is not correct , unlock 
the duo-dtal and adjust the potentiometer until the desired alarm point is 
b!«ons" " ' ' " ' ' ° ' " " ' ' ' ° " ' - ""^'^^^^ " ^ ' " ^ Se t -H igh" and "Auto-Man" 
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(5) Select channel "21" on the channel selector by switching to 
"ON" the "20" and "01" switches. Depress the "Auto-Man" button and hold 
depressed . Depress the point-select button and hold depressed until "21" 
appears in the "Channel Identification" window. 

step (6) 

step (6). 

(6) Repeat setps (3), (4), and (5) for Zone 2. 

(7) Select channel "41" on the channel selector and repeat 

(8) Repeat setps (3), (4), and (5) for Zone 3. 

(9) Select channel "61" on the channel selector and repeat 

(10) Repeat steps (4) and (5) for Zone 4. 

(11) For setpoint procedure on channels 61 through 76, see 
steps (4), (5), and (6) under Individual Control, below. (Note: The a la rms 
are all set by zone procedure as described above. To check a larm setpoints 
repeat steps (1) through (II) above). 

2. Individual Control 

(1) Depress the "Zone-Individual" button until the "Individual" 
part of the indicator l ights . 

(2) Place "Auto-Man" button in "Man" position by depressing 
and holding depressed . The "Man" light will be lighted. 

(3) Advance the scanning system to "01" by depressing rese t 
button and releasing and depressing and releasing "Manual Scan" button. 
Numerals "01" should appear in the "Channel Identification" window. 

(4) Depress and hold depressed the "Control-Set" button. 
Read the existing setpoint on the "Analog" readout meter . 

(5) If an adjustment is required, uncover individual setpoint 
potentiometers located in the lower left (west) part of the panel. Unlock 
the duo-dial operator for potentiometer "01 . " Adjust until the desired 
setpoint is read on the "Analog" readout. Lock the potentiometer operator . 

(6) Advance to channels "02" through "76," setting each 
potentiometer as required. 

E. Automatic Control 

Release the "Auto-Man" button to obtain "Auto" in the lighted part 
of the indicator. The system is now on automatic control, controlling in 
conformity with the setpoints in either the "Zone" or "Individual" control 
modes . 
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APPENDIX A 

Photographs of Trace Heating System 
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Fig. 25. Front View of Trace Heating Control Section 
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Fig. 26. Front View of Conuol Panel Showing Scanner Controls and Setpoint Potenuometers 
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ID-103-H5122 

Fig. 27. Rear View of Control System Showing Scanner 
and DC Control Units 
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ID-103-H5126 

Fig. 28. Same View as Fig. 27 with Printed Circuit Chassis in the "Opened" Position 



ID-103-H5123 

Fig. 29. Rear View of Control System Showing Power Supplies .ind AC Control Cards for In 
dicator Lights 
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ID-103-H512-1 

Fig 
. 30. Same View as Fig. 29 with Card Rack in the "Opened" Position 
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lD-103-15865 

Fig. 31. Rear View of Control System Showing 2500-Hz Transmitters, 
Square-wave Oscillators and Vanual Control Cards 
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ID-103-I5864 

Fig. 32. Same View as Fig. 31 with Card Rack in "Opened" Position 
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ID-103-H.5949 

Fig. 33. View of West Section of SCR's and Receiver Boards 
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